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Isolation of  the  agent  causing  Chicken Sarcoma I  has  been  at- 
tempted repeatedly in this laboratory.  By the use of methods of 
adsorption,  gelatin precipitation,  and  dialysis,  the  tumor principle 
was successfully separated from a  number of inactive or inhibitory 
materials (1).  A study of the absorption power of the tumor extracts 
for ultraviolet light failed, to establish a definite correlation between 
the  absorption  spectrum  and  the  tumor-producing activity  of  the 
solutions, purified fractions of comparatively high tumor-producing 
power being practically transparent to ultraviolet light  (2).  These 
results suggested that the actual amount of the principle in the solu- 
tions tested was probably very small.  Recently Ledingham and Gye 
have applied a method of high speed eentrifugation to the separation 
of the  agents  causing the  Rous  (Chicken Tumor  I)  and  Fujinami 
tumors  (3).  Furthermore, Melntosh has obtained evidence of the 
concentration of the agents of several transmissible chicken tumors in 
the air-driven centrifuge of Henriot and Huguenard (4). 
Since centrifugation seemed to afford a  convenient means for the 
concentration as well as purification of the chicken tumor agent, the 
conditions of its sedimentation in intense centrifugal field have been 
investigated.  The results presented in this paper show that separa- 
tion of the active principle, present in ordinary tumor extract, can be 
accomplished in a  relatively short time by the use of a  centrifugal 
* This investigation was carried out by means of funds from the Rutherford 
Donation. 
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force not exceeding 15,000 times  that of gravity.  Under these  con- 
ditions the inhibiting principle, usually associated in the tumor extract 
with the active agent, fails to be concentrated in appreciable propor- 
tion.  The  difference  in  the  sedimentation  constants  of  the  tumor 
agent and its inhibitor was indicated by the greater tumor-producing 
power of the isolated sediment as compared with that of the unspun 
preparation. 
Material and Methods 
Tumor Extracts.--Fast growing tumors were used for these tests.  The tumors 
were produced by inoculating  1.5  cc. of fresh  tumor pulp  in  each  side  of the 
breast muscle of an adult Plymouth Rock hen.  Normally the tumors so pro- 
duced developed rapidly,  the bird rarely surviving the injection more than 1~ to 
13 days.  Well developed  tumors were obtained between  the 7th and the  12th 
day following inoculation.  As a rule the tumors proved to be bacteriologically 
sterile, as shown by negative  tests on agar and in broth.  The fresh tumor tissue, 
or the tissue kept frozen until used (no more than 24 hours),  was extracted with 
a volume of distilled  water equivalent  to 15 times the weight of the pulp.  No 
alkali  was added.  The extract was centrifuged  20 minutes at 3,500 R.P.g. and 
passed  through sterile  gauze.  The extract was filtered  through a  Berkefeld  V 
candle, under negative pressure,  the suction  flask being kept on ice.  The char- 
acters  of the filtrates  differed somewhat,  according  to the particular tumor used 
and to the porosity of theBerkefeld filter.  The total solids of the filtrates varied 
from 1.3 to 2.7 rag. per cc., with an average dry weight of 2.1 rag. per cc.  The 
viscosity of the Berkefeld filtrate,  which varied  greatly according  to the amount 
of mucin present,  was found to be from 1.12 to 3.04 times that of water at 20°C. 
as determined in the viscosimeter of Ostwald.  In certain cases the time of centri- 
fugation  at  high  speed  was  adapted  to  meet  the particular  high  viscosity of 
the fluid. 
Centrifuge.--The device used for this work was the multispeed  attachment and 
No. 295 head provided by the International Equipment Company, Boston, Massa- 
chusetts,  for their type B, size I centrifuge.  The whole centrifuge was  installed 
in a cold room, the temperature  of  which changed slowly from 5-9°C. during the day 
when the centrifuge was in use.  Under these conditions the temperature  of the 
revolving  head and of the fluid inside  soon reached  an equilibrium  near 20°C., 
which was approximately  maintained  even when the centrifugation  was continued 
without interruption for 4 hours.  The average speed of the top, under cold room 
conditions, was 17,000 g.P.M.  The glass tube occupied an inclined position at 51 ° 
angle  with  the  axis  of rotation.  The  inside  diameter  of the  tubes  used  was 
approximately  1.2  cm.,  so  that  during  centrifugation  the maximum height  of 
the  column  of  liquid,  perpendicular  to  the  axis  of rotation,  was  1.9  cm.  At 
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14,000  times the pull of gravity.  In later experiments cellulose  containers were 
used in place of the glass tubes and rubber caps, thus increasing the capacity of 
the  centrifuge. 
Activity Tes~.--Tests  for  tumor-producing  powers  were  made  by  injecting 
0.4 cc. of the test solution intracutaneously in adult Plymouth Rock hens.  Each 
bird was injected in six areas in the breast  region.  This always included two 
areas injected with the untreated Berkefeld filtrate, as control.  In recording the 
results, an arbitrary index of activity was obtained by combining the number of 
positive inoculations and the average surface of the tumors. 
TABLE  I 
Displacement and Concentration of the Chicken Tumor Agent by High Speed 
Centrifugation 
Preparation tested 
Berkefeld filtrate ........... 
Surface layer .............. 
Concentrated  sediment ...... 
Character of test 
preparation 
Transparent; Tyndall 
effect positive 
Clear;  no  Tyndall 
effect 
Opalescent 
Inoculation tests 
(16 to 32 day tumors) 
No, of 
areas 
in- 
jected 
24 
18 
24 
No. of 
tumors 
24 
4 
24 
posi- 
tive  Average size 
nocu  of tumors 
Ltio~ 
100  1.6•1.4 
22  0.9 z0.8 
100  2.3 z 1.6 
RESULTS 
Preliminary  tests  indicated  a  displacement  of the  tumor  agent  in 
filtrates submitted to a  high centrifugal force and its concentration at 
the bottom of the centrifuge tube. 
The results recorded in Table I  are computed from four experiments in which 
an active Berkefeld filtrate was spun at 17,000 R.i,.~.  for 2½ or 3½ hours.  At the 
end of the eentrifugation period 0.5  cc. of fluid,  representing the upper part of 
the  tube,  was removed by means of a  syringe, provided with  a  No.  26 gauge 
needle,  and  combined  with  the  corresponding portions  from the  other  tubes. 
The next 4.5 cc., or the remaining 5.0 cc. of the filtrate, was removed by the same 
technique and discarded.  The sediment was resuspended in 0.5 c¢. of the filtrate, 
left at the bottom of the tube for that purpose, or when the whole of the filtrate 
was discarded, in Tyrode's solution of pH 8.8.  The product was combined, as 
was the surface fluid, and the suspension used for inoculation tests.  The final 
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sented,  according  to  the  experiment,  1/4 or  1/10  the  volume of the original 
filtrate.  At the end of the centrifugation the temperature of the filtrate in the 
centrifuge was found to lie between 19  ° and 22°C., depending on the temperature 
of the cold room at the start.  During the experiment a sample of filtrate, set 
aside as control, was left in the dark in a  water bath regulated to a  tempera- 
ture of 20°C. 
As shown in Table I, the effect of centrifugation was to decrease con- 
siderably  the  tumor-producing power of the  filtrate at  the  top,  and 
concentrate  the  tumor agent in the bottom fluid or in the sediment. 
The distribution of the tumor agent in the filtrate was next studied by 
testing  the  tumor-producing  activity  of  successive  sections  of  the 
column of fluid  after centrifugation.  The protocol of a  typical test 
will  be  given,  because it  illustrates  the  trend  of results  which  were 
obtained in subsequent experiments. 
The procedure adopted in the experiment is given in Table II.  The column 
of filtrate  submitted  to  3  hours  centrifugation  was  fractionated by removing 
from the tubes successive  layers of fluid by means of a syringe provided with a 
fine needle  (No.  26  gauge).  The corresponding portions from each tube were 
combined and used for activity tests.  The sediment was suspended in Tyrode's 
solution and the coarse particles were discarded by 5 minutes centrifugation at 
3,000 R.r.~.  The substance was deposited again by 2½ hours centrifugation at 
17,000 R.r.~., and the wash solution removed by decantation.  Before taking up 
the sediment, the tubes were always inverted to drain off the last drop of fluid, 
and their inside walls wiped with sterile gauze.  The washed sediment from 33 cc. 
filtrate was resuspended in 5 cc. Tyrode's solution.  In this concentrated form 
the  preparation  was  homogeneous,  transparent,  and  slightly  opalescent  when 
seen against a dark background.  An attempt to determine the absorption spec- 
trum  of the  solution  showed  that  the  "concentrated  sediment" had  no more 
absorbing power for ultraviolet light than the Tyrode solution used as control.  L 
Before injection, 5.6 cc. Tyrode's solution were added to 1 cc. of the concen- 
trated  preparation  to  obtain  a  dilution  of  the  sediment  comparable to  that 
existing in the original filtrate.  In this diluted solution the dry weight of the 
material isolated from the filtrate by high speed centrifugation was 0.0008 rag. 
per cc. 
The  activity of each  fraction  tested  is included  in  Table  II.  Six 
additional  experiments  were  performed  by  following  exactly  the 
procedure  outlined  in  Table  II,  but  adjusting  the  time  of  efficient 
1 The ultraviolet absorption tests were made by Dr. A. Rothen. ALBERT  CLAIYDE  63 
centrifugation to 2, 3, or 4 hours.  In every case, notwithstanding the 
increase  in  the  time of  centrifugation, the  results were  practically 
duplicates  of  those  given  in  Table  II.  From  the  analysis of  the 
results, one may assume that, after centrifugation, at least 10 per cent 
of the apparent.tumor-producing activity was left in the filtrate.  A 
definite, concentration of  the  tumor principle  had  occurred  in  the 
bottom of the tube, as shown by the increased activity of the sixth 
layer of fluid.  In spite of the successive manipulations to which the 
sediment was submitted, and loss of some activity in the process, the 
washed sediment exhibited a tumor-producing power greater than that 
of the original filtrate.  This enhanced activity of the sediment was 
confirmed and emphasized in the following experiments. 
Table III gives the combined results of five experiments.  The procedure 
followed was similar to that already given in the text and outlined in Table II. 
According to the experiment concerned, minor variations were introduced in the 
time of centrifugation, the number and length of preliminary centrifugation, and 
the number of washings of the sediment.  In two cases the preliminary centri- 
fugation at 17,000 R.1,.~s. was continued for 20 and 25 minutes, respectively,  and 
the experiment carried out with this more homogeneous  filtrate.  The time of 
effective centrifugation varied from 2½ to 4 hours.  The deposited material was 
taken up in 5 or 10 cc. of Tyrode's solution and the coarser particles discarded by 
5 to l0 minutes centrifugation at 3,000 R.p.x~.  The clarified  sediment in Tyrode's 
was again separated by 2½ to 4 hours centrifugation  at 17,000 ~.p.~.  This washed 
sediment was resuspended in a volume of Tyrode's equal to that of the original 
filtrate and tested for tumor-producing activity.  The Berkefeld  filtrates used, 
after removal of the first sediment, were either clear or slightly opalescent.  The 
washed sediment always gave an opalescent solution. 
The results summarized in Table III indicate that the chicken tumor 
agent is more effective when separated from the other constituents of 
the  tumor extract.  The  increase  in  tumor-producing activity was 
not always striking, but it was constant throughout these experiments 
and was apparent in the size of the tumors and the percentages of 
takes.  The results are more significant when one takes into account 
the fact that, even after 4  hours of centrifugation, the supernatant 
fluid  was  not  wholly  deprived  of  tumor-producing  activity.  The 
difference in tumor-producing power of the untreated filtrate and the 
washed sediment did not disappear on progressive dilution of these 
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included in Table III, were tested at 1 : 10,  1 : 20,  and 1 : 50 dilutions. 
The size of the tumor decreased in both series, but the greater potency 
of the washed sediment remained manifest.  The effect of washing 
on the tumor-producing power of the sediment was illustrated by the 
results of an additional test, in which the sediment, clarified by cen- 
trifugation at low speed,  was tested before and  after the last high 
speed centrifugation.  The average size of the tumors produced after 
17 days by the clarified sediment and by the sediment after washing 
was 2.2 x 1.7 and 2.8 x 2.1 crn., respectively. 
The conditions of the separation of the tumor agent in the centrifuge 
have been controlled by the use of the respiratory pigments of the 
snail  and of the horseshoe  crab,  proteins of high molecular weight 
TABLE  III 
Separation of tke  Tumor  Agent in  More Effective Form  by  Centrifugation and 
Washing of the Sediment 
Test solutions 
Berkefeld filtrate  ....... 
Surface layer  i .......... 
Washed sediment  ........ 
Character of preparations 
Clear to slightly  opal- 
escent 
Clear 
Opalescent 
Inoculation  tests  (17  to 30 day  old  tumors) 
N•of  •  ° 
jections 
38 
24 
46 
Positive 
inocula- 
tion 
per ~¢nt 
89 
30 
98 
Average  Index  of 
slze  activity  of tumors 
Crew. 
2.1 x 1.6  299 
1.OxO.8  24 
2.6xl.9  484 
which, in the oxidized form, have a deep blue color.  An analysis of 
the results obtained with these substances follows. 
Sedimentation  of Hemocyanins.--When  the  hemocyanins of Helix 
and of Limulus were submitted to high speed centrifugation, it was 
found that the pigments would separate with a sharp boundary, which 
remained unblurred for some time after the centrifuge was stopped. 
The snail hemocyanins were obtained from the blood of the three  species, 
Helix poma~ia, aspersa, and  lactea.  The serum containing the respiratory pig- 
ment  was cleared by centrifugation and  used without  further dilution.  The 
viscosity of such preparations was found to vary from 1.12 to 1.2, and the dry 
weight varied from 19 to 20.6 mg. per cc.  Sedimentation tests were made with 
the reaction of the solution adjusted to pH 8.4, 6.6, and 5.3.  Limulus polyphemus 
blood was withdrawn directly from the heart.  The coagulum was discarded by ALBERT  CLAUDE  67 
centrifugation and  the serum stored at  0°C.  under toluol.  Dialyzed Limulu* 
serum had a dry weight of 85 to 99 nag. per cc., and a viscosity of 1.2 to 1.4.  The 
sedimentation tests were made with the dialyzed sera in concentrated form or at 
1/2 or 1/10 dilutions, or with a 0.98 per cent solution of the recrystallized protein, 
and carried out with the reaction of the solution  adjusted to pH 7.4 or 6.6. 
The hemocyanin sohtions were submitted to centrifugation at 17,000 R.1,.~. 
for periods of 1, 2, 3, and 4 hours.  The speed of centrifugation of the hemocyanin 
molecules was  determined by direct measurement of the distance between the 
boundary of sedimentation and the meniscus.  In each case the vohme of dear 
solution above the boundary could be withdrawn without mixing  the sohtion, 
as shown by the fact that  the sedlmenting  boundary remained unbhrred and 
that  the sample obtained was pigment-free.  The procedure used in obtaining 
samples of tumor filtrates from the centrifuge for inoculation tests was followed 
TABLE  IV 
Speed of Sedimentation of Limulus and Helix Hemocyanins 
Time of 
centrifugation 
(278 a.r.sec.) 
hn. 
1 
2 
3 
4 
Lim~du$ hemocyanin (molecular weight  H¢llx hemocyanin (molecular 
=  2.04 X  I(N)  weight ffi 5 X  10~) 
Distance between surface of 
fluid and boundary 
Calculated  Found 
Cm.  Sm. 
0.18  0.13 
0.39  0.37 
0.59  0.60 
0.79 
Volume of 
pigment-free 
solution with- 
drawn 
c$. 
0.16 
0.45 
0.67 
Distance 
between surface 
of fluid and 
boundary 
Volume of 
pigment-free 
solution with. 
drawn 
0.80  0.90 
Cm.  f~. 
0.40  0.45 
0.67  0180 
1.30  1.60 
Completely sedimented 
closely in removing the clear zone.  As a  rule, a  sedimentation run of tumor 
filtrate comprised also a tube of hemocyanin solution as a control.  The results 
of the measurements are summarized in Table IV. 
According to Svedberg and Chirnoaga  (5) the respiratory pigment 
of Helix pomatia,  near the isoelectric point,  has  a molecular weight 
of 5  X  10  s and  a  diameter of 24 m~.  The principal  component of 
Limulus serum has a molecular weight of 2.04 X  106, as determined by 
Svedberg and Heyroth (6).  The diameter of the Limulus hemocyanin 
molecule, computed from the results of Svedberg, was estimated  at 
16.8  m#.  According to  Stoke's formula,  the  velocity of Helix  and 
Limulus hemocyanins in our centrifuge  (278 z.P.sec.; viscosity 0.01; 
density of particle 1.36; mean distance from axis of rotation 4.4 cm.) 
would be 1.4 x 10  -* and 7.7 x 10  -6 cm. per second, respectively, and the 68  CAUSATIVE  AGENT  OF A  CIIICKEN  TUMOR.  XIII 
minimum time for their complete sedimentation would be 3 hours and 
45 minutes and 6 hours and 50 minutes.  The fmdingsWpresented in 
Table IV are in fair agreement with these figures.  Helix hemocyanin 
was  completely sedimented by 4  hours centrifugatlon and Limulus 
hemocyanin solutions required 7 hours for their complete separation. 
These results indicate that the centrifugation method used in this work 
is an adequate means for the separation of protein particles of 24 m/z 
or more in diameter.  The fact that the hemocyanins separated with a 
sharp boundary indicates that convection currents, due to evaporation 
or heat gradients, and the vibrations communicated by the centrifuge 
during operation or while stopping, were negligible.  Rotation com- 
municated to the column of liquid during deceleration had no appreci- 
able effect on the equilibrium reached in the fluid at the moment of 
the  stop.  The particularly  sharp  boundary presented by Lirnulus 
hemocyanin  solutions  indicated  the  homogeneity of  the  pigment 
under observation.  This boundary remained unblurred as long as 8 
minutes after stopping the centrifuge, when diffusion became notice- 
able.  The  same  sharpness  of  boundary  was  not  observed in  the 
sedimentation of Helix  hemocyanin, blurring being especially pro- 
nounced at  the late  stages of centrifugation.  This may have been  . 
caused by the presence of molecules of smaller size in  the original 
material or by the formation, during centrifugation, of dissociation 
products, such as are known to occur under the effect of dilution. 
Under the same conditions no clear cut separation of the tumor 
agent was obtained.  When tumor filtrates were centrifuged under 
conditions which proved to be sufficient to effect the separation of 
Helix  hemocyanin,  some  tumor-producing activity  was  found  to 
persist in the solution, even after a 4 hour run, although about 90 per 
cent of the  tumor agent had been deposited during the  1st hour. 
This may indicate that an unrecognized factor, which does not affect 
the sedimentation of hemocyanin, is effective in preventing the com- 
plete separation of the tumor agent.  It is also possible that part of 
the tumor agent is present in the solution in the form of units of 
smaller size, which are not appreciably affected by a centrifugal force 
sufficient to  throw down particles of the size of Helix hemocyanin 
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Physical  Characters of the  Active  Fraction  of the  Chicken  Tumor 
Material.--An agent large enough to be affected by a centrifugal field, 
such as that applied in this work, may be expected to have a  pro- 
nounced scattering effect on light when in solution.  Observation of 
the Berkefeld filtrates and of the products of sedimentation seems to 
indicate that the tumor-producing activity is associated, to a certain 
extent,  with  the  opalescence of  the  solution.  The  solutions  were 
examined against dark background without special illuminating device, 
or else with a lamp provided with a condenser.  As a whole, active 
filtrates were those which presented the most pronounced opalescence. 
Active filtrates, which at first inspection appeared to be clear or to give 
a  faint Tyndall effect, were found to yield a  sediment which, after 
washing, made an opalescent solution.  Such solutions carried most 
of the tumor-producing activity of the filtrate.  An estimation of the 
degree of dependence between the tumor-producing activity and the 
power of the solution to scatter light is prevented by the existence of 
two  factors,  essentially variable;  namely,  the  concentration of  in- 
hibitor  and  the  proportion  of  the  agent  in  the  inactivated form. 
The same considerations apply to the study of the material examined 
with the ultramicroscope.  Seen in the dark field microscope (dark 
field  condenser  and  carbon  are  lamp),  the  solutions  carrying the 
activity appeared to contain innumerable particles of approximately, 
but not exactly, the same size.  These particles appeared as minute 
granules, most of them isolated or in aggregates of several units.  The 
biggest particles formed agglomerates suggesting microscopic clusters 
of precipitated proteins.  All these particles  showed the  brownian 
movement. 
DISCUSSION 
The results presented in the present paper indicate that the agent 
causing Chicken Tumor I can be concentrated and, to a certain extent, 
purified by means of high speed and low speed centrifugation.  The 
fraction, prepared by this method, represented about 90 per cent of 
the total tumor-producing activity and 0.03S per cent of the total 
solids of the original filtrate.  On the basis of dry weight, the tumor 
agent was concentrated about 2,800 times. 
Most of the tumor agent was deposited when the tumor filtrate was 
submitted to a  centrifugal force of  14,000 times gravity for  I  to 4 70  CAUSATIVE  AGENT  OF  A  CHICKEN  TUMOR.  XIII 
hours.  The persistence of some activity  in  the  filtrate  even after 
prolonged centrifugation might be  attributed  to  disturbing forces, 
such as vibration or convection currents, which would interfere with a 
proper separation, or to redispersion of part of the sediment during 
rapid deceleration.  In the present work, however, these factors were 
not sufficient to  affect appreciably the  separation from solution of 
Helix  and Limulus  respiratory proteins, used as  control under the 
same conditions.  The possibility that the tumor agent may occur in 
different states of aggregation or dispersion in the tumor extract is 
not completely excluded.  Svedberg showed that native proteins may 
coexist in solution together with several aggregation or dissociation 
products of well defined molecular weight.  The  proportion of the 
various molecular species present may be conditioned by dilution or 
by the pH of the solution, and, within certain limits, the process is a 
reversible one (7).  Erikson-Quensel and Svedberg suggested that the 
mosaic virus protein may exist as a monodisperse system in the native 
state, but they have shown that inhomogeneity can easily be brought 
about in vitro  (8).  Whether a portion of the extracted tumor agent 
may also dissociate into particles of smaller size, which would require a 
greater  centrifugal force for  their  sedimentation, will be  tested  in 
further experiments. 
The speed of sedimentation of the tumor agent, or that part of it 
which was  completely sedimented by  a  centrifugal force of  14,000 
times gravity, is in fair agreement with the expected velocity calcu- 
lated for a particle of 70 m# diameter, a  figure estimated by Elford 
and Andrewes (9) to represent the probable size of the tumor agent, 
and for a  density of 1.3.  Centrifugation at that speed for 30 to 45 
minutes was sufficient to throw down the agent, when the medium was 
Tyrode's solution, 0.9 per cent salt solution, or water.  Under the 
same conditions complete sedimentation of the respiratory pigment 
of the snail, with a sedimentation constant of 98.9  ×  10  -13, required 
about 8 times longer.  The diameter of the Helix hemocyanin mole- 
cule,  calculated  by  Svedberg  and  Chirnoaga  from  sedimentation 
measurements, is equal to 24 m~ (5).  Assuming the particles to be 
spherical, the volume of the tumor agent (radius =  3.5 x 10 -e) and of 
Helix hemocyanin (radius  =  1.2 x  10  -6)  would be  1.79 x 10 -18 and 
7.24 x  10 -18 cc., respectively.  According to these figures, the tumor 
agent would correspond to  24.7  molecules of Helix hemocyanin by ALBERT  CLAUDE  71 
volume.  For a  density of 1.36 and 1.3, respectively, the molecular 
weight of the particle would be 5.9 millions for the Helix, hemocyanin 
molecule and 140 millions for the chicken tumor agent.  Whether a 
particle of this size is chemically uniform or represents a  system of 
more than one chemical substance remains to be determined.  In a 
recent study it was shown that the tumor agent was inactivated by 
crystalline trypsin, indicating that a protein is an essential constituent 
of the particle (10). 
The experiments here presented have shown that the total tumor- 
producing activity of the filtrate was increased through the process 
of centrifugation and washing of the sediment.  Recent experiments 
(11) have shown that an active agent and an inhibiting factor, asso- 
ciated in inactive extracts of a chicken fi~rosarcoma (Chicken Tumor 
10), could be separated by means of high speed centrifugation.  These 
observations  support  the  view  that  the  enhanced  activity  of  the 
material separated from Chicken Tumor I extracts is the result chiefly 
of the dissociation of the tumor agent from an inhibitor.  That such 
inhibitor exists in Chicken Tumor I was demonstrated in this labora- 
tory,  and  its  separation  was  accomplished  by  various  methods. 
Extracts from fast growing tumors were more active after being treated 
with an adsorbing agent, which removed the major part of the proteins 
in solution; and tumor desiccates yielded more active preparations 
after  serial  extraction  (12).  The  present results  are  in  agreement 
with  these  findings.  The  evidence that  the  tumor  agent can  be 
separated from the inhibitor by physical methods suggests that the 
two agents may fail to react and remain independent in mixtures that 
are inactive.  In other words,  these observations seem to  indicate 
that the suppression of the tumor-producing activity of an extract is 
not the result of a direct neutralization of the active agent, and can be 
effective without destruction of the agent itself. 
S~ARY 
1.  The agent causing Chicken Tumor I  can be separated from the 
other constituents of the tumor filtrate by means of high speed cen- 
trifugation.  The separation was practically complete when a filtrate 
of average viscosity (0.018 poise) was submitted to a centrifugal field 
of 14,000 times gravity for 2 hours. 
2.  Relative purification of the  agent was  obtained by  means of 72  CAUSATIVE  AGENT  OF A  C/IICKEN  TU~rOR.  XIII 
differential  centrifugation  and  washing  in  Tyrode's  solution  or  in 
distilled  water.  The  washed  sediment  gave  opalescent  solutions 
composed of minute particles of approximately, but not exactly, the 
same size.  The dry weight of the active material separated by high 
speed centrifugation was 0.0008 nag. per cc. of filtrate, or about 1 part 
per 2800 parts of the total filtrate. 
3.  The  tumor-producing  activity  of  the  washed  sediment  was 
significantly greater  than  that  of the  entire  original filtrate.  It  is 
suggested that the gain in tumor-producing power was effected by the 
removal of an inhibiting factor, known to occur normally in chicken 
tumor extracts. 
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